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Photonic Crystal Fibers (PCFs) have special structures and offer a number of novel design options, such as very large or 
very small mode areas, high numerical aperture, guidance of light in air, and novel dispersion properties. PCFs have 
become an attractive field for the researchers and they are trying to work on these to get their properties applied in 
dispersion related applications, sensing applications and much more. PCFs sensors are widely used in bio-medical 
applications. The sensitivity and performance of sensors are enhanced due to novel applications of PCFs. This paper 
outlines a novel design for a generalized biomedical sensor by collaborating PCF and electro-optic effect of Lithium 
Niobate ( ) based Mach-Zehnder interferometer (MZI) structure. 
Keywords: Photonic crystal fibers; biomedical sensors; lithium niobate; beam propagation method.  
1. INTRODUCTION 
Photonic crystal fibers are considered as one of the most encouraging elements in optical biosensors due to their enriched 
performance capacities of being immune to electromagnetic noise, reliable and highly sensitive in comparison with 
already existing optic fibre biosensors. The sensing application of PCF was first noticed in [1], where absorption 
spectrum of acetylene filled waveguide was studied. A photonic crystal based sensor allowing detection of individual 
molecules via their two-photon fluorescence has been described in [2]. PCFs can be used for evanescent-wave sensing of 
bio molecules, such as DNA or proteins [3-4]. The latest advances in PCFs and micro electro mechanical system 
(MEMS) offer considerable opportunity to realize an optical endoscope which permits high-resolution visualization of 
internal organs of body [5-7]. The use of polymer optical fibres permits remarkable composition flexibility of waveguide 
and sensing features [8]. The polarization-maintaining photonic crystal fiber (PM-PCF) with higher birefringence than 
already existing polarization-maintaining fibers, allows a smaller length in practical use [9]. Optical switching 
phenomena using MZIs and its efficient application to perform various digital logic operations in [10-14]. 
In this paper, a novel generalized biomedical sensor is proposed by collaborating photonic crystal fiber and electro-
optic effect of Lithium Niobate ( ) based MZI structure. The proposed device is based on the fact that effective 
refractive index of a PCF varies on selectively filling the holes of a normal index-guiding solid core. The proposed 
device is pumped with a 635 nm signal and the return photoluminescence is coupled to the active surface of a light 
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specimens is discussed. The experimental set-up for the proposed sensor is shown in Fig. 1, except that instead of 
generalizing the sensor for different applications, air holes of the PCF are filled with a serum specimen. A laser source 
with a wavelength of 635 nm has been used to generate a beam of light, and then this beam is guided into PCF using a 
SMF. On filling up the air holes with serum specimens taken from different persons, electric field intensity 



















Fig. 2: Variation of electric field intensity with respect to uric acid concentration (obtained at output of PCF). 
Light obtained from PCF is incident on an LDR, which is connected as one of the arm of wheat stone bridge. The 
resistance of LDR decreases as the illuminance ( ( )) increases. The illuminance ( ( )) is given by the relation 
( ) = × / / 																																																																																																																																																													(1) 
 
	= 150 lm/W for laser source operating at 635nm. 		 	is the surface area over which the light is incident.	 =1.9625×10  for the LDR used in the experimental 
setup. The relation between illuminance and resistance of an LDR is given by 
  = 																																																																																																																																																																																						(2)                             
 and  are the reference values for illuminace and resistance respectively, values of which are 1000 lux and  400	Ω 
respectively for the LDR used in our experimental setup. A is in the range from -0.7 to -0.9. So, the resistance of LDR 
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increases with decrease in illuminance as obtained from Eqn. 2. Figure 3 shows the variation of resistance for LDR with 
increase in uric acid concentration in serum. 
 
Fig. 3: Graph showing variation of resistance of LDR with increase in uric acid concentration. 
When the concentration of uric acid is 3 mg/dl, resistance of LDR is equal to75 . Resistances ,  and  are selected 
in such a way that a null condition is achieved in wheat stone bridge (i.e. 0 Volt potential difference exists between 
points  and ). This 0 Volt potential is applied to second electrode of MZI [15] via a differential amplifier. As the 
resistance of LDR varies ( i.e. uric acid concentration increases), wheat stone bridge gets unbalanced and a finite voltage 
difference is applied to input of differential amplifier, which amplifies the voltage difference (as shown in Table1) 
according to the relation. 
=	 ( − )																																																																																																																																																																							(3) 
Figure 4 shows the voltage obtained at output of differential amplifier with respect to resistance of LDR. When the 
concentration of uric acid reaches to a particular limit i.e. 11mg/dl, output of differential amplifier reaches 6.80V. At this 
voltage, output light switches from one port to the other. Thus, the output light intensity is being controlled by the 
voltage available at the output of differential amplifier, which in turn is calibrated with the concentration of uric acid 
through wheat stone bridge and a differential amplifier. So, with the help of proposed device, concentration of uric acid 
in serum can be calculated without need of any other device or measuring equipment.  
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field at first 
output of 
MZI 
1 3 5.89 0.4472 0.49 75 0 0.04 
2 5 8.84 0.4320 0.46 81 1.99 0.44 
3 7 12.47 0.4195 0.44 88 3.98 0.78 
4 9 14.65 0.4052 0.41 95 5.73 0.95 
5 11 17.96 0.3950 0.39 102 6.80 0.99 
 
Figure 5 shows the BPM simulation results for the proposed structure. From the results, it can be clearly seen that for 0 
Volt applied to second electrode of MZI, light comes out of second output port of MZI. As the concentration of uric acid 
goes on increasing, light at second output port goes on decreasing and light at first output port goes on increasing 
simultaneously. As the concentration reaches its upper limit, all the light gets shifted to its first output port.    
 
Fig. 4: Voltage at the output of differential amplifier with respect to resistance. 
 
Table 1: Variation of different parameters of uric acid concentration sensor  
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Fig. 5: OptiBPM simulation results for the uric acid concentration sensor. 
3. CONCLUSION 
 In this work, a design of uric acid sensor is demonstrated using solid-core photonic bandgap fiber and electro-optic 
effect of Lithium Niobate ( ) based MZI structure. The proposed design provides the direct value of the 
concentration of the uric acid in the blood; so, direct measurement of the uric acid concentration is possible at the output. 
The measurement is performed for a range of 8 mg/dl (from 3 mg/dl to 11 mg/dl). The sensitivity is at its best because of 
the novel applications of PCFs. By employing the differential amplifier appropriate voltage at the second electrode of the 
MZI can be provided precisely. The voltage at the second electrode of MZI, (and hence the output intensity of light at the 
first output port of MZI) is calibrated with the concentration of the uric acid to provide the direct output value. Hence the 
proposed device is very promising for biomedical sensing applications (uric acid in our case) using optical techniques. 
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